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Motivation
* Transverse spin asymmetry measured at RHIC

Ay o+p —> 1°+X at vs=200 GeV
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Fits to SIDIS (HERMES) are consistent with p+p —sm°+X data.
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Motivation

* Transverse spin asymmetry measured at RHIC

Ay p+p —> 7+ X at vs=200 GeV
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B.l. Abelev et al., Phys. Rev. Lef. 101 (2008) 222001

As the x range don’t overlap, fits to SIDIS (HERMES) were
consistent with p+p—s n®+X data.
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Theory prediction for Drell-Yan process

 Sivers function: S, e (I3><l€l }‘I;(x,kl)
* |In QCD

DIS: attractive Drell-Yan: repulsive
| 3 E
As a result: SiVerS|DIS — _SiverleY
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Theory prediction for Drell-Yan process
 New development

*SIDIS and RHIC pion production do not overlap in momentum fraction (x)

e Attempts to describe both results in a sign “mismatch” conclusion (Kang, Qiu, Vogelsang,
Yuan PRD83 (2011) 094001

Combined analysis of SIDIS and
RHIC pion production leads to
the conclusion that the u-quark

Sivers function has a node at
x~0.4

A. Prokudin, Z.B. Kang
“Opportunities for Drell-Yan
Physics at RHIC” workshop
(May, 2011)

Essential to test Dell-Yan
process in this region
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Motivation
» A\ DY: to measure analyzing power for Drell-Yan
process.

* Goals of A\DY:

— Demonstrate that large-x; low-mass dileptons from the Drell-Yan
process can be discriminated from background in vVs=500 GeV p'+p
collisions.

— Measure the analyzing power for Drell-Yan production with sufficient
statistical precision to test the theoretical prediction of a sign change
for DY in relation to semi-inclusive deep inelastic scattering.

— Concurrent measurement of 10 or jet analyzing power.

— Establish if robust detection of Drell-Yan dileptons at large x and low
mass requires magnetic analysis = critical for future facilities at RHIC.
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A\DY Run11 configuration

* Where is ADY

Sextant 10/11_ -' ey : ANDY (RHIC |P2)
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Run11 goals:

(1) Establish the impact of a third IR on RHIC performance for p+p
collisions at vVs=500 GeV.
(2) Demonstrate calibration of hadronic calorimeter.
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A\DY building process
» Aug. 2010 to Jan. 2011

One 9x12 hadronic calorimeter module Front view of one hadronic calorimeter
(originally from AGS E864, and later also cell. 47x47 scintillation fiber embedded
used in PHOBOS) from PMT side. in lead for each cell.
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A\DY building process
» Aug. 2010 to Jan. 2011

Two 9x12 Pb-scintillation hadronic calorimeters are
installed at A, DY.
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A\DY building process
« Aug. 2010 to Jan. 2011

One module of 7x7 Pb-glass electromagnetic
calorimeter (borrowed from JLAB “BigCal”).

3x3 test stack of EM calorimeter
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A\DY building process

« Aug. 2010 to Jan. 2011

Two 7x7 Pb-glass EM calorimeters are installe

H) ; ey ‘%7: 7

d at A,DY
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A\DY building process
« Aug. 2010 to Jan. 2011

» Preshower 2 detector
(beam right side)
before Preshower 1
detector.

Preshower 1 detector
(beam right side)
before EMcal and
Hcal.
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A\DY building process
« Aug. 2010 to Jan. 2011

Beam Beam Counter (BBC) was
used in PHOBOS.

- = Preshower 2 detector

T (beam right side)
before Preshower 1
detector.

Preshower 1 detector
(beam right side)
before EMcal and
Hcal.
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A\DY building process

« Aug. 2010 to Jan. 2011

il

___': Electronic readout, trigger
::i"k_ ~ and data acquisition racks.

Beam Beam Counter (BBC) was
used in PHOBOS.

Preshower 2 detector
(beam right side)
before Preshower 1
detector.

Preshower 1 detector
(beam right side)
before EMcal and
Hcal.
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A\DY Run11 configuration
« Jan. 2011

Left/right symmetric HCal : Trigger/DAQ electronics

Blue-facing e
ZDC

behind DX
Magnet

Left/right symmetric . — “ ~
ECal , ' s Blue-facing BBC

Left/right symmetric
preshower

Q.

Beryllium vacuum pipe
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What we get from Run11
* Impact on STAR and PHENIX

Window Markers Analysis
Experimental Coincidence Signals
60071 - : -
| ~ Fri. 8 April
s00f Minimal impact on 1 50x10/bunch
| STAR,PHENIX
& 4007 : :
3 :
2 :
= :
3 : :
$ 30071 ‘
3 :
£
3
@) :
S 200y:
0 l : : [_ :
21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00
Time (Start Fill = 15425)
STAR.ZDC. (C) PHENIX.ZDC. (C) AnDY.ZDC. (C)
Print file type (.gif) to file (15425.zdc.rates.ps). ’J

IP2 collisions have begun <3 hours after physics ON with
minimal impact on |P6,IP8

RHIC&AGS Users Meeting Xuan Li (Shandong University)
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What we get from Run11

* Run11 luminosity

AnDY integrated luminosity

(]

bssing angle\A

[ x1.44 correction of Hank scaler /RHIC scaler
[ Assumme BBC coincidence has 25mb = 37mb»0.8{eff }*0.88(vtxcut)
[ Assumes ZDC coincidence has 0.48mb {(2mrod}

[ Assumes ZDC coincidence has 0.57mb {1.5mrad)

[ Assumes ZDC coincidence has 1.05mb {Omrad}

systematically increased
thresholds for IP2 collisions

~0mr crossing angle
~1.6mr crossing angle

| | | | |

D 1
11040

11050 11DB0O 11070 11080 11080
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11100 1111¢

year+day

In recent analysis, after BBC
efficiency correction, A, DY get ~
6.5/pb in runll.

Jet analyzing power
measurement sets goal of 10 / pb
for run 11.
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Hadronic calorimeter calibration
Association studies in PYTHIA+GEANT simulation.

Simulation set=12, trig=MinBias, HCL e Associations for clusters requiring:
E 10F 20 E 20
S sp Al 7s £ 17.5 (1) 1-tower clusters;
g SF 15 F 15
SE i 2 2 i ,
?’ 205_ .%.. 12.5 3 -:i.' Es (2) E>1.8 GEV
é—z,sg— i ;.05 = i e e
e 3 s F = (3) |x|>50 cm to avoid ECal shadow;
_1'()?_ 25 E 2.5
e Tl :'"”"““""'é“"1'0f) 0 (4) >1 clusters to form pairs;
*sim ™ *Recon (Cm) (Cm
- - 2 F , 209 / 19 5 >5 GeV
£ '°F hadrons 1.8 A Sh7sor oo (5) E pair ’
— 7.: E_ 1.6 L . 2.134
5 E . . 1.4 " .
£ 25t TR . 1.2 wluslllun (6) pa|r<0'5 GeV;
| aE , -'-'El'- . . 1 —19-7 5—2—;50}(2 5 5 (?IJT?)
E == a2l . Racon
E-25F -5 F o8 FIed 1551 7 17 (7) (6) Zpa|r<0'5'
> sE : 06 10% fiant T 189.5
-75F 0.4 3 an —GH251E-01
—10 E_ . 02 10& ; gma 1.989
:'_;‘0“'_15””6“”;““111 Q :I lfrl AT plviley
Xeim— Xpscon, (€1 “9’5’)‘};,"’,“5"5?,;?, é’r‘ﬁ)
data0,/hetdir2.20110528.6 23110530

* Photon position resolution is ~1/5 cell-size.
 Single tower clusters in this energy range are dominated by photons.
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Hadronic calorimeter calibration
» Pair mass from photon-like clusters in Hcal (simulation).

Simulation set=12, trig=MinBias, Ir combined
L all
180 —
r commeoen mother
160 |
C —h
140 - I sl
120 :—
100 [ [
8o [ }
60 -
a0 - ]
E [ :
LY P DI,
- vl fn I |
o [ r%%li.::—ﬂ.ifﬁd%ﬂﬂdﬁ#&i
0 ©1 02 03 04 05 06 07 08 08 1
HCal cluster pair mass (GeV/c?), 5.0<Ey < 15.0 GeV
hetdir2,.20110526.6 20110527

916/1245 events with M

pair

* Pair mass is computed subject to
the requirements:

1) 1-tower clusters;
2) E>1.8 GeV;,

3) [x|>50 cm to avoid ECal shadow

5) E . >5 GeV,

pair

6) M__.<0.5 GeV;

pair

(
(
(
(4) >1 clusters to form pairs;
(
(
(

7)z._. <0.4.

pair

<0.22 GeV/c? are from st’—yy pairs.
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Hadronic calorimeter calibration
« Data & simulation intercomparison.

200
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20

p+p, vs = S00 GeV, HCal with ¥ selections

e 20M BBC collision data and 20M
simulations events.

O L 1

L PYTHIA/GEANT set=12 ¢
[ Data, set=8891

Left

e Requirements:

(1) 1-tower clusters; (2) E>1.8 GeV; (3)
Right | x| >50 cm to avoid ECal shadow; (4)
>1 clusters to form pairs; (5) E;>5
GeV; (6) M__. <0.5 GeV; and (7)
z...<0.5.

pair

pair

e Hadronic response also under study
with prospects for p*—m*n’ and o—mn

0

025 05 075
HCal cluster pair mass (GeV/c?)
20110526

hstdir2.20110526.6
hstdir2.20110526.7

1 ¢

©25 05 075 i *rn’ to correct h/y differences

Data and simulation are in good agreement.
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Run11 jet studies
» Jet-trigger data in Run11.

* Hadronic calorimeter installed at AyDY makes full jet

reconstruction possible.
Run=11080047.001.50, THCal, trig=jet

104

pre HCL HCR

Hcal ADC Sum pre-crossing jet-trigger data.

triggered HCL

Hcal ADC Sum with jet-trigger
Black: exclude 2 outer perimeters
Blue: exclude 2 beam close columns.

post HCL

Hcal ADC Sum post-crossing jet-trigger data.

1 1 ll 1 I 1 1 1 l 1 1 1 l 1 ll lllh Illll“l I 1 1 1 I 1 1 1 l 1 1 1
0 2000 4000 6000 8030 10@D0 2000 4000 6000 800G 10000
7Q (black=no outer 2 perim/red=DSM/blue=nec cols 1,2)

o Explore background free jets !
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Run11 jet studies

* Hcal jet trigger events.

~~

£ F
L2100
- n

75F

L L
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T T

25
OF
25
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s

—100F

Illllll

20110215

—100 75 50 25

0

25 SD 75 100
x (em)

I

Run=11046021.0C1, trig=HCALSum_BBCcecl, Event=25

107

102

ADC
Count

Select from jet trigger events
requiring Hcal high tower to be
centered in the module.

The events look quite jetty.

More than 750M jet triggered events are recorded
during RHIC Run11 polarized p+p collisions.

RHIC&AGS Users Meeting

Xuan Li (Shandong University)
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Run11 jet A\ projection

 Run11 jet analyzing power projection
* With ~10/pb & P=50%, AnDY run11 can measure A(Jet).

p+p —> jet+X, Vs=500 GeV, PYTHIA 6,222
T 0.2_
e I
= I -
Bo_15_ L|m=10 pb ! » Pm,,,=0-5
8 Fiducial velume requirement
o 0.1 <n>=2.7
o
0.05F
of —
-0.05[
_0.1_..1.1....|..1.1....1....|....|....|....|....|....
0 01 02 03 04 05 06 0.7 08 09 1
Jet xg

Non-zero A(jet) essentially a prerequisite before processing
Drell-Yan process.
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Run12 plan

* A\DY run12 configuration.

IP2/DY—Runi12 Pb Converter
Preshower ’ nd Preshower
IR BBC—Blue
1 | ..
I ]
X
100em Lo HCal
z p—
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Run12 plan

* EM calorimeter redesign

Protvino Glass

32 column x 32 row submatrix
38mm x 38mm x45cm

TF1 glass from IHEP

Yerevan Glass

30 column x 24 row submatrix

40mm x 40mm x 40cm

TF1 glass from Yerevan Physics Institute.

120 Yerevan Glass cells already at
A\DY and 98 cells have been used in
runll.

Plan to complete moving
BigCal to BNL by end of July,

This is a picture of BigCal from a talk by Vina Punjabi Wlth ﬁrSt trlp on June 28
at the Hall A collaboration meeting in June, 2010.
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Run12 plan

« Stack EM calorimeter with lead glass from “Bigcal”.
« Azimuthal coverage of EM calorimeter designed by C. Folz.

Thomson rails to move
enclosures away from beam
for servicing

Stack insert to provide ¢
complete ECal coverage

Existing vertical lift tables
from AGS-E949

RHIC&AGS Users Meeting Xuan Li (Shandong University)
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Run12 plan

* A preshower concept for run12.

Inner rmg detectors (SiPM): A¢= 6

e*/h/y discrimination relies heavily
min=0CM; Rmax-13cm

on preshower detectors (PSD) and
converter for longitudinal shower
profiling.

Outer ring detectors (PMT): A¢=4°;
R...=13cm; R,.,,=80 cm
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Summary

« A\DY is the first attempt to access forward rapidity Drell-Yan
process at /s = 500GeV polarized p+p collisions at RHIC.

« Jet analyzing power measurements in Run11.
* The run11 goals have been met at A\ DY.

« Signed agreement to move Bigcal from JLAB to ADY.
« PAC approval for A DY.

RHIC&AGS Users Meeting Xuan Li (Shandong University)



Summary

A\DY is the first attempt to access forward rapidity Drell-Yan
process at /s = 500GeV polarized p+p collisions at RHIC.

Jet analyzing power measurements in Run11.

The run11 goals have been met at A(\DY.

Signed agreement to move Bigcal from JLAB to A\ DY.
PAC approval for A DY.

Outlook

Run12 100 pb-' luminosity are distributed at A\DY.

To observe J/y,Y and dilepton continuum between them
as the benchmark of the DY process.

Drell-Yan events!

RHIC&AGS Users Meeting Xuan Li (Shandong University)



Backup

+ e+e- DY expectations at large x at vs=500 GeV

p+p —>e*e™+X, vs=500 GeV, PYTHIA 68.222, L,=14 pb™’

1035— __AIDY -
- — madel 1 600:
_ | -

model 2 5000 |

102 103 |
2 - 400
300
10 & POOH!
10 E
ﬂ 1000

1 Illlllll |‘| l|l 1] —llllllllllll O—l L 1 I L 1 1 l L

o 5 10 15 0 50 100 150 0

2 4
M,, (GeV/c?) Dape (GEV/C) Pry. (GEV/C)

Model 1 = EMcal (2m)? / (0.2m)? beam hole at 10m / no magnetic field

Model 2 = L/R modular EMcal (0.9mx1.2m) at 5m / no magnetic field
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vs=500 GeV Simulation

Electron pairs in different rapidity ranges
Bllcentral (lyl<1), forward (ly|>2), very forward (ly|>3)

o o . * :
100 minimum bias 10° Drell Yan
QCD 22 processes & qualitative
10° diffractive processes

wide rapidity (+4) 10° i

10* very basic cuts

\ needs to be scaled ~ x10-¢

10° £ 10*
10
= 10°E
10 -
C JLI—W 102
1 E—I L L \Tl I L L — L.l 1 1 I 1 Ll 1 I L 1 - nil m[l_lﬂm Iﬂl L Ll I Ll L L : 1 I 1 I I — 1 1
0 5 10 15 20 25 30 35 40 0 5 35 40
invariant mass (Gev/c*2) invariant mass (Gev/c*2)
.

Background decreases faster than signal at forward n

6 June 2011 33



What are the biggest background contributions?

hadronic background from QCD 2->2
ht/e* discrimination - requires estimates of p+p collisions and EMcal response
charged/neutral discrimination

photon conversion in beam-pipe and other material

Open Beauty
Open Charm
%10‘5%—200 GeV 1<n<2 Study for PheniX u arm
S1¢* ;— |
= Drell Yan
10° = \
B Y-states & -
10 \ . , Charm even further
- \ N reduced going to
_ C ~1 > 3
- \ % éofz T "
- 2 O
15 W’ AN
E 1 | 1 1 1 \l L_Z1 | I 1 1 | I |
0 2 4 6 8 10

Mass (éch)
Transverse Spin Drell-Yan Physics at RHIC (2007)

6 June 2011 34
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Backup
« Aug. 2010 to Jan. 2011

-

IP2 area (previous BRAHMS experiment), Aug. 2010
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Backup
« BBC efficiency from MB PYTHIA+GEANT simulation
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Backup

Z.B.Kang, J.W.Qiu, WVogelsang and F.Yuan Phys.Rev.D

83,094001

Vs=200 GeV y=3.3
jets

from pT+p—n

({\[\(1‘[\(

|(|[II[|(|(

“old” Sivers function

“new” Sivers function /'

0.2 0.4 0.6

Xuan Li (Shandong University)
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Backup

« ADY EM calorimeter 1% x. coverage

4 — 107 Etot > 5 GeV,
N, >= 2,
L Z,<0.8,
FV cut within % cell.
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